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Abstract Of EP1 252976 

A hand held electrically powered hammer, 
comprising a housing (4, 5) within which is 
located a motor (2), a hollow spindle (40) within 
which is located for reciprocation therein a piston 
(38) and fonvardly of the piston a ram (58) and a ^ 
metal casing (42) which encloses at least part of | 
the spindle (40) so as to form an air filled 
chamber between the spindle and the casing. A 
hammer drive arrangement (30, 32, 34) is 
provided which converts the rotary drive of the 
motor to a reciprocating drive to the piston and a 
tool holder body (66) is located at the forward 
end of the spindle in which a tool or bit (68) may 
be releasably mounted for limited reciprocation. 
The reciprocation of the piston is arranged to 
rcciprocatingly drive the ram via a closed air 
cushion such that repeated impacts from the ram 
are transmitted to a tool or bit mounted in the tool 
holder body. The hammer additionally comprises 
a damping mass (70) which is located within the 
chamber which damping mass is connected to 
the hammer housing (4, 5) via at least one spring 
element (90, 98) so as to oscillate back and forth 
along the spindle to minimise the vibration of the 
hammer housing. At least one spacer element 
(72a, b) is provided for positioning the damping 
mass (70) with respect to the spindle (40) and the 
metal casing (42) so that a small gap is present 
between the mass and the spindle and a small 
gap is present between the mass and the casing 
such that oscillation of the damping mass within 
the chamber generates air turbulence within the 
chamber for facilitating heat transfer from the 
spindle to the metal casing. Thus, the damping 
mass has the dual function of vibration damping 
and spindle cooling. 
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(54) Percussion hammer with vibration damping mechanism 



(57) A hand held electrically powered hammer, com- 
prising a housing (4, 5) within which is located a motor 
(2), a hollow spindle (40) within which is located for re- 
ciprocation therein a piston (38) and fonwardly of the pis- 
ton a ram (58) and a metal casing (42) which encloses 
at least part of the spindle (40) so as to form an air filled 
chamber between the spindle and the casing. A hammer 
drive arrangement (30, 32, 34) is provided which con- 
verts the rotary drive of the motor to a reciprocating drive 
to the piston and a tool holder body (66) is located at the 
fonward end of the spindle in which a tool or bit (68) may 
be releasably mounted for limited reciprocation. The re- 
ciprocation of the piston is arranged to rcciprocatingly 
drive the ram via a closed air cushion such that repeated 
impacts from the ram are transmitted to a tool or bit 



mounted in the tool holder body. The hammer addition- 
ally comprises a damping mass (70) which is located 
within the chamber which damping mass is connected 
to the hammer housing (4, 5) via at least one spring el- 
ement (90, 98) so as to oscillate back and forth along 
the spindle to minimise the vibration of the hammer 
housing. At least one spacer element (72a, b) is provid- 
ed for positioning the damping mass (70) with respect 
to the spindle (40) and the metal casing (42) so that a 
small gap Is present between the mass and the spindle 
and a small gap is present between the mass and the 
casing such that oscillation of the damping mass within 
the chamber generates air turbulence within the cham- 
ber for facilitating heat transfer from the spindle to the 
metal casing. Thus, the damping mass has the dual 
function of vibration damping and spindle cooling. 
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Description 

[0001] This invention relates to hand held electrically 
powered hammers, and in particular to demolition ham- 
mers. 5 
[0002] Such hammers generally comprise a housing 
within which is located an electric motor and a gear ar- 
rangement for converting the rotary drive of the motor 
to a reciprocating drive to drive a piston within a hollow 
spindle, which spindle is located within the hammer io 
housing. The spindle may be formed from a single part 
or from more than one part, for example from a rearward 
hollow cylinder, within which a piston and ram recipro- 
cate and a fonn^ard cylindrical tool holder body, within 
which a tool or bit may be releasably mounted. A ram is '5 
located in front of the piston within the spindle so as, in 
normal operating conditions, to form a closed air cush- 
ion within the spindle between the piston and the ram. 
The reciprocation of the piston reciprocatingly drives the 
ram via the air cushion. A beatpiece is generally located 20 
within the spindle and transmits repeated impacts that 
it receives from the ram to a tool or bit releaseably 
mounted for limited reciprocation in front of the beat- 
piece in a tool holder portion of the spindle. The impacts 
on the tool or bit are transmitted to a workpiece against 25 
which the tool or bit is pressed in order to break up or 
make a bore in the workpiece. 
[0003] Some hammers may also be employed in com- 
bination impact and drilling mode in which the spindle, 
and hence the bit inserted therein, will be caused to ro- 30 
tate at the same time as the bit is struck by the beat- 
piece. The present invention is also applicable to such 
hammers. 

[0004] One problem with such hammers is that the re- 
ciprocating parts and repeated impacts between the 35 
parts cause large vibrations to be transmitted via the 
handles of the hammer to the user. This is uncomforta- 
ble for the user, particularly over prolonged periods of 
use and can contravene safety standards. 
[0005] This problem has been solved in the past by 40 
forming a vibration damping linkage between the han- 
dles of the hammer and the main housing of the ham- 
mer. However, the linkages have to be rigid enough for 
the handles to guide the hammer while also providing 
damping. Also, the user of the hammer tensions the link- 45 
age when the hammer is urged against a workpiece and 
this changes the damping effect of the linkage. This 
means that such linkages tend to be relatively complex. 
[0006] This problem has also been solved for a pneu- 
matic hammer, for example as disclosed in OE815,179 so 
by mounting masses on opposing sides of the spindle, 
with each mass mounted between two springs so that 
each of the masses can oscillate parallel to the axis of 
the spindle due to the forces from the two springs. The 
masses oscillate in phase and in the same direction as 55 
the ram and are arranged to oscillate as near to reso- 
nance as possible. However, this gives rise to the prob- 
lem of synchronising movement of the masses. If the 
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masses are not exactly synchronised then a torque at 
right angles to the direction of mass vibration is gener- 
ated which is transmitted to the user of the hammer via 
the hammer housing. This problem has been addressed 
in DE31 22 979 which describes an electrically powered 
hammer to which a dampening housing is attached. The 
dampening housing comprises two moveable masses 
each connected to a compression spring. The channels 
in which the masses are located are interconnected so 
that generation of an over pressure in one channel re- 
sults in a corresponding over pressure in the other chan- 
nel in order to synchronise movement of the masses. 
However, the arrangement disclosed in DE31 22 979 is 
relatively complex and takes up a lot of space. 
[0007] The problem of synchronising masses can al- 
so be overcome for a pneumatic hammer by using a sin- 
gle mass as described in DE24 03 074 in which there is 
described a hammer housing which is enclosed by a 
handle housing. Around the hammer housing is located 
a cylindrical mass which is able to reciprocate along the 
hammer housing on the end of a coil spring. Optimum 
vibration reduction is achieved if the spring constant of 
the coil spring is adapted to the beat frequency of the 
hammer. 

[0008] A second problem is that the reciprocating 
parts and repeated impacts cause heat generation with- 
in the hammer and some means is required to transfer 
the generated heat away from the spindle and the parts 
within the spindle. If the parts within the spindle are op- 
erating at high temperatures then they are more prone 
to wear and eventually to failure. In particular any seals 
between the piston and the spindle and the ram and the 
spindle are susceptible to damage at higher tempera- 
tures. Hammers are generally operated in very dusty en- 
vironments and it is critical to the prolonged operation 
of the hammer that there is no dust ingress into the spin- 
dle. As there are several ports in the spindle through 
which air can flow Into and out of the spindle, cooling of 
the spindle using air flows can easily introduce dust into 
the spindle. Therefore, cooling of the spindle is generally 
achieved by passive heat transfer from the metal spindle 
either via air pockets or directly to metal housing parts 
surrounding the spindle. However, the cooling achieved 
by such passive heat transfer is relatively limited. 
[0009] The present invention aims to overcome the 
problems discussed above by providing a system which 
both reduces the vibration of the hammer housing and 
cools the spindle, without taking up much space within 
the hammer housing. 

[001 0] According to the present invention there is pro- 
vided a hand held electrically powered hammer, com- 
prising a housing within which is located: 

a motor; 

a hollow spindle within which is located for recipro- 
cation therein a piston and fonwardly of the piston a 
ram; 

a metal casing which encloses at least part of the 



2 



EP 1 252 976 A1 



3 

spindle so as to form an air filled chamber between 
the spindle and the casing, 
a hammer drive arrangement which converts the ro- 
tary drive of the motor to a reciprocating drive to the 
piston; 

a tool holder body located at the forward end of the 
spindle In which a tool or bit may be reteasabiy 
mounted for limited reciprocation; arranged such 
that the reciprocation of the piston reciprocating ly 
drives the ram via a closed air cushion such that 
repeated impacts from the ram are transmitted to a 
tool or bit mounted in the tool holder body, charac- 
terised in that the hammer additionally comprises: 

a damping mass which is located within the 
chamber which damping mass is connected to 
the hammer housing via at least one spring el- 
ement so as to oscillate back and forth along 
the spindle to minimise the vibration of the ham- 
mer housing; and 

at least one spacer element for positioning the 
damping mass with respect to the spindle and 
the metal casing so that a small gap is present 
between the mass and the spindle and a small 
gap is present between the mass and the cas- 
ing such that oscillation of the damping mass 
within the chamber generates air turbulence 
within the chamber for facilitating heat transfer 
from the spindle to the metal casing. 

[0011] The use of a damping mass oscillating within 
a chamber surrounding the spindle for reducing the vi- 
bration of the hammer housing is also used according 
to the present invention for generating air turbulence be- 
tween the spindle and a metal casing part surrounding 
the spindle. When the damping mass moves fonwardly 
along the spindle an overpressure is generated in front 
of the mass which causes air to flow reanwardly through 
the gaps between the mass and the spindle and the 
mass and the metal housing. When the damping mass 
moves rearwardly along the spindle an overpressure is 
generated behind the mass which causes air to flow for- 
wardly through the gaps between the mass and the spin- 
dle and the mass and the metal housing. This air turbu- 
lence between the spindle and the metal casing can fa- 
cilitate a three times Increase in heat transfer away from 
the spindle as compared to passive heat transfer via an 
air pocket in which no turbulence occurs. According to 
the present invention the same components are used 
for the dual purpose of reducing the vibration transmit- 
ted to a user of the tool from the hammer housing and 
for cooling the spindle to improve the operation and life- 
time of the hammer. 

[0012] The hammer according to the present inven- 
tion may comprise a beatpiece located for reciprocation 
within the spindle between the ram and a tool or bit 
mounted within the tool holder body for transferring im- 
pacts from the ram to a tool or bit mounted within the 



tool holder body. The incorporation of a beatpiece im- 
proves the sealing of the interior of the spindle from the 
tool holder body through which dust may enter. 
[001 3] For reducing any compensating vibrations due 

5 to the oscillation of the damping mass in a direction 
which is not parallel to the spindle, the metal casing and 
the the damping mass preferably encircle the spindle 
and the damping mass is preferably mounted so that it 
is concentric with the spindle. For a simple calibration 

10 of the mass and the spring or springs to compensate for 
vibrations in other parts of the hammer It is preferred 
that the damping mass comprises a single piece cylin- 
der. Preferably, the mass Is connected to the hammer 
housing via two springs one located fonwardly of the 

15 mass between the mass and a fonward housing part and 
the other located rearwardly of the mass between the 
mass and a reanward housing part. It is further preferred 
for a simple design in which the oscillating motion of the 
mass is easily controlled that the spring or each spring 

20 is a coil spring which encircles the spindle. Preferably, 
the mass is made of a relatively high density material 
such as steel or brass so that the mass does not take 
up too much space. For optimised vibration reduction in 
the hammer housing, the mass and the spring or springs 

25 are preferably arranged so that the mass oscillates back 
and forth along the spindle out of phase, preferably ap- 
proximately 180*" out of phase, with the beat frequency 
of the other hammer parts. 

[0014] The air turbulence In the chamber preferably 

30 includes air flows between the mass and the spindle and 
air flows between the mass and the metal casing. 
[0015] The or each spacer element may be fomied 
integrally with the damping mass. Altematlvely, the or 
each spacer element may comprise a guide arrange- 

35 ment which is slideably mounted on the spindle. The 
damping mass may be mounted on such a guide ar- 
rangement and the guide arrangement may be shaped 
to form at least one channel between the damping mass 
and the spindle through which air can flow. Preferably, 

40 the at least one channel is formed between a radially 
inward facing part of the guide arrangement and the out- 
er surface of the spindle. This increases the amount of 
air flow over the surface of the cylinder to aid cooling. 
However, the location of the channels between a radially 

45 Inward facing part of the guide arrangement and the out- 
er surface of the spindle will also reduce the surface ar- 
ea of contact between the guide arrangement and the 
spindle and so can reduce the friction generated be- 
tween the guide arrangement and the spindle as the 

50 guide arrangement slides back and forth along the spin- 
dle, which again facilitates improved cooling of the spin- 
dle. In an especially preferred embodiment in which the 
damping mass and the magnesium casing encircle the 
spindle, the or each guide arrangement is a guide ring, 

55 and preferably two such guide rings are used, one lo- 
cated at either end (fon^/ard and reanvard end) of the 
damping mass. Where the guide arrangement is one or 
more guide rings, the channels may be formed between 
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ribs formed on the radially inward facing surface of the 
guide ring. The use of such ribs aiso reduces the surface 
area of engagement between the guide ring and the 
spindle which will reduce the friction generated as the 
guide ring slides along the spindle. 
[0016] The hammer according to the present inven- 
tion may additionally comprise a fan arrangement for 
generating an airflow and a labyrinth formed by parts of 
the hammer housing for directing the airflow over the 
outer surface of the metal casing. Having an airflow over 
the metal casing, which airflow may be a flow of dusty 
air from the environment of the hammer, facilitates heat 
transfer from the metal casing. By cooling the metal cas- 
ing in this way the cooling of the spindle via the turbulent 
air in the chamber is further improved. The fan may be 
rotatingly driven by the motor to avoid a need for extra 
means on the hammer for powering the fan. Preferably, 
the fan generates an airflow which passes over the mo- 
tor, through the fan and then through the labyrinth and 
over the metal casing before being exhausted from the 
hammer housing. Thus, the fan can perform the dual 
function of cooling the motor and cooling the metal cas- 
ing to facilitate cooling of the spindle. The fan is prefer- 
ably a radial fan. 

[001 7] The present invention is particularly suited for 
use in a heavy duty demolition hammer wherein the 
hammer drive arrangement comprises a crank arm ar- 
rangement. The more powerful hammers have a higher 
the requirement for cooling of the spindle. 
[0018] The hammer housing may comprise an inner 
metal housing arrangement in which the motor, hammer 
drive arrangement and at least part of the spindle are 
mounted and an outer plastic housing rigidly fixed to the 
inner metal housing which outer housing comprises a 
handle. In this case the metal casing surrounding the 
spindle may be rigidly fixed to a fonward portion of the 
inner metal housing arrangement. Then the damping 
mass may connected to the hammer via a first fonward 
spring which extends between the mass and a part of 
the metal casing and via a second reann^ard spring 
which extends between the mass and a part of the metal 
housing arrangement. 

[0019] Preferably the air filled chamber between the 
spindle and the casing communicates with at least one 
other air space formed within the hammer, for example 
with the interior of the inner metal housing arrangement 
and/or with a space between the ram and the beatpiece. 
This is important if the chamber surrounds the vent 
holes in the spindle through which air must pass to vent 
the air cushion between the piston and the ram on entry 
into idle mode. 

[0020] One form of rotary hammer according to the 
present Invention will now be described by way of ex- 
ample with reference to the accompanying drawings in 
which: 

Figure 1 shows a partially cutaway longitudinal 
cross section through a demolition hammer incor- 
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porating a vibration damping and spindle cooling ar- 
rangement according to the present invention; 
Figure 2 shows a partially cutaway enlarged longi- 
tudinal cross-section of the spindle portion of the 
demolition hammer shown in Figure 1 ; 
Figure 3 shows a longitudinal cross-sectional view 
of the damping mass used in the vibration damping 
and spindle cooling arrangement of Figures 1 and 2; 
Figure 4a shows a longitudinal cross-section of one 
of the guide rings for guiding the damping mass 
shown in Figure 3; 

Figure 4b shows a perspective view of the guide 
ring of Figure 4a from the left hand side of Figure 4a; 
Figure 4c shows a radial cross-section of through a 
portion of the guide ring of Figure 4a; 
Figure 5a shows a side view of the guide ring of Fig- 
ure 4a from the left hand side of Figure 4a; 
Figure 5a shows a side view of the guide ring of Fig- 
ure 4a from the right hand side of Figure 4a; 
Figure 6a shows a longitudinal cross-section 
through a fonward spring holder for supporting the 
fonward end of a fonward spring of the vibration 
damping and spindle cooling arrangement of Fig- 
ures 1 and 2; 

Figure 6b shows a longitudinal cross-section 
through a rearward spring holder for supporting the 
reanward end of a reanward spring of the vibration 
damping and spindle cooling arrangement of Fig- 
ures 1 and 2; 

Figure 7a shows a longitudinal cross-section 
through the spindle of the demolition hammer 
shown in Figures 1 and 2; 
Figure 7b shows a side view of the spindle of the 
demolition hammer shown in Figures 1 and 2; 
Figure 8a shows a longitudinal cross-section 
through a magnesium casing part which surrounds 
the spindle and damping mass arrangement of Fig- 
ures 1 and 2; 

Figure 8b shows a longitudinal cross-section 
through the magnesium casing of Figure 8a at 45° 
to the cross-section shown in Figure 8a; and 
Figure 8c shows a perspective view from the front 
of the magnesium casing part of Figures 8a and 8b. 



45 [0021 ] A demolition hammer incorporating a vibration 
damping and spindle cooling arrangement according to 
the present invention Is shown in Figures 1 and 2. The 
hammer comprises an electric motor (2), a gear ar- 
rangement and a piston drive arrangement which are 

so housed within a metal gear housing (5) surrounded by 
a plastic housing (4). A rear handle housing incorporat- 
ing a rear handle (6) and a trigger switch arrangement 
(8) is fitted to the rear of the housings (4, 5). A cable (not 
shown) extends through a cable guide (10) and con- 

55 nects the motor to an external electricity supply. Thus, 
when the cable is connected to the electricity supply and 
the trigger switch arrangement (8) is depressed the mo- 
tor (2) is actuated to rotationally drive the armature of 
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the motor. A radial fan (14) is fitted at one end of the 
armature and a pinion is formed at the opposite end of 
the armature so that when the motor is actuated the ar- 
mature rotatingly drives the fan (1 4) and the pinion. The 
metal gear housing (5) Is made from magnesium with 5 
steel inserts and rigidly supports the components 
housed within it. 

[0022] The motor pinion rotatingly drives a first gear 
wheel of an intennediate gear arrangement which is ro- 
tatably mounted on a spindle, which spindle is mounted io 
in an Insert to the gear housing (5). The intermediate 
gear has a second gear wheel which rotatingly drives a 
drive gear , The drive gear is non-rotatably mounted on 
a drive spindle which spindle is rotatably mounted within 
the gear housing (5). A crank plate (30) is non-rotatably is 
mounted at the end of the drive spindle remote from the 
drive gear, which crank-plate is formed with an eccentric 
bore for housing an eccentric crank pin (32). The crank 
pin (32) extends from the crank plate into a bore at the 
reanward end of a crank arm (34) so that the crank arm 20 
(34) can pivot about the crank pin (32), The opposite 
fonward end of the crank arm (34) is formed with a bore 
through which extends a trunnion pin (36) so that the 
crank arm (34) can pivot about the trunnion pin (36). The 
trunnion pin (36) is fitted to the rear of a piston (38) by 2$ 
fitting the ends of the trunnion pin (36) into receiving 
bores formed in a pair of opposing arms which extend 
to the rear of the piston (38). The piston is reciprocally 
mounted in a cylindrical hollow spindle (40) so that it can 
reciprocate within the hollow spindle. An Oring seal (42) so 
is fitted in an annular recess formed in the periphery of 
the piston (38) so as to form an air tight seal between 
the piston (38) and the Internal surface of the hollow 
spindle (40). 

[0023] Thus, when the motor (2) is actuated, the ar- 35 
mature pinion rotatingly drives the intermediate gear ar- 
rangement via the first gear wheel and the second gear 
wheel of the intermediate gear arrangement rotatingly 
drives the drive spindle via the drive gear. The drive 
spindle rotatingly drives the crank plate (30) and the 40 
crank arm arrangement comprising the crank pin (32), 
the crank arm (34) and the trunnion pin (36) convert the 
rotational drive from the crank plate (30) to a reciprocat- 
ing drive to the piston (38). In this way the piston (38) is 
reciprocatingly driven back and forth along the hollow 45 
spindle (40) when the motor is actuated by a user de- 
pressing the trigger switch (8). 
[0024] The spindle is shown on its own in Figures 7a 
and 7b. The reanward end of the spindle (40) in which 
is located the piston (38) is mounted within a circular so 
recess fomned In the fonvard end of the gear housing 
(5). The circular recess is formed with a plurality of ra- 
dially inwardly extending ribs (7) which support the rear- 
ward end of the spindle while enabling air to freely cir- 
culate between the interior of the gear casing (5) and a ss 
chamber surrounding the spindle (40). The fonn/ard end 
of the spindle (40) is mounted within a magnesium cas- 
ing part (42) shown on its own in Figures 8a to 8c. The 
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reanfvard end of the magnesium casing (42) is formed 
with two opposing flanges (44) in which are formed four 
bores (46). The bores (46) are formed so as to be reg- 
ularly spaced around the periphery of the rear of the 
magnesium casing (42). The reanward end of the mag- 
nesium casing (42) is fitted over and butted up against 
a circular rim extending from the fonnrard end of the gear 
housing (5) and is then fitted to the gear housing (5) via 
four screw bolts (not shown) which pass through the 
bores (46) and extend into threaded bores in the gear 
housing (5). 

[0025] The spindle (40) is mounted in the magnesium 
housing (42) from the fonward end until an annular rear- 
ward facing shoulder (48) on the exterior of the spindle 
buts up against a forward facing annular shoulder (50) 
formed from in set of ribs (51 ) in the interior of the mag- 
nesium casing (42). The ribs enable air in the chamber 
surrounding the spindle (40) to circulate freely in the re- 
gion l)etween the ram (58) and the beatpiece (64). An 
increased diameter portion (52) on the exterior of the 
spindle fits closely within a reduced diameter portion 
(54) on the interior of the magnesium casing (42). Rear- 
wardly of the increased diameter portion (52) and the 
reduced diameter portion (54) an annular chamber is 
formed between the external surface of the spindle (40) 
and the internal surface of the magnesium casing (42) 
in which the vibration reduction and spindle cooling ar- 
rangement according to the present invention is located. 
This chamber Is open at Its fon/vard and reanward ends 
as described above. At its fonward end the chamber 
communicates via the spaces between the ribs (51) In 
the magnesium casing with a volume of air between the 
ram (58) and the beatpiece (64). At its reanward end the 
chamber communicates via the spaces between the ribs 
(7) in the recess of the gear casing (5) with a volume of 
air in the gear casing (5). 

[0026] The volume of air in the gear casing (5) com- 
municates with the air outside of the hammer via a nar- 
row channel (9) and a filter (11). Thus, the air pressure 
within the hammer, which changes due to changes in 
the temperature of the hammer, are equalised with the 
air pressure outside of the hammer. Also, the filter (11) 
keeps the air within the hammer rear casing (5) relatively 
clean and dust free. 

[0027] A ram (58) is located within the hollow spindle 
(40) fonwardly of the piston (38) so that it can also recip- 
rocate within the hollow spindle (40). An 0-ring seal (60) 
is located in a recess formed around the periphery of 
the ram (58) so as to form an air tight seal between the 
ram (58) and the spindle (40). In the operating position 
of the ram (58) (shown In the upper half of Figures 1 and 
2), with the ram located behind bores (62) in the spindle 
a closed air cushion is formed between the fonward face 
of the piston (38) and the reanward face of the ram (58). 
Thus, reciprocation of the piston (38) reciprocatingly 
drives the ram (58) via the closed air cushion. When the 
hammer enters idle mode (ie. when the hammer bit is 
removed from a workpiece), the ram (58) moves for- 
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wardly, past the bores (62) to the position shown in the 
bottom half of Figures 1 and 2. This vents the air cushion 
and so the ram (58) is no longer reciprocatingly driven 
by the piston (38) In idle mode, as is well known in the 
art. 

[0028] A beatpiece (64) is guided so that it can recip- 
rocate within a tool holder body (66) which tool holder 
body is mounted at the fonA^ard end of the magnesium 
casing (42). A bit or tool (68) can be releasably mounted 
within the tool holder body (66) so that the bit or tool (68) 
can reciprocate to a limited extent within the tool holder 
body (66). When the ram (58) is in its operating mode 
and is reciprocatingly driven by the piston (38) the ram 
repeatedly impacts the rearward end of the beatpiece 
(64) and the beatpiece (64) transmits these impacts to 
the reanward end of the bit or tool (68) as Is known in 
the art. These Impacts are then transmitted by the bit or 
tool (68) to the material being worked. 
[0029] When a user of the hammer presses the bit or 
tool (68) onto a workplece, the bit or tool (68) Is moved 
reanwardly in the tool holder body (66) to the position 
shown in the upper half in Figures 1 and 2. The bit or 
tool (68) thus pushes the beatpiece (64) rean^/ardly 
which pushes the ram (58) rearwardly to the positions 
shown in the upper half of Figures 1 and 2. This rearward 
movement of the ram (58) causes the ram to pass rear- 
wardly over the bores (62) in the spindle (40) to close 
the air cushion between the piston (38) and the ram (58). 
Thus, when the motor (2) is actuated and the piston re- 
ciprocates the ram (58) is reciprocatingly driven to re- 
peatedly impact the beatpiece (64) and thereby Impacts 
are repeatedly transmitted to the workplece, via the 
beatpiece (64) and the bit or tool (68). 
[0030] When a user removes the tool or bit from the 
workplece, the next fonward reciprocation of the piston 
(38) drives the ram (58) fonwardly. As the ram (58) Is no 
longer pushed reanwardly by the beatpiece (64) it moves 
fon/vardly past the bores (62) in the spindle (40) to vent 
the air cushion and the next reanA/ard movement of the 
piston (38) does not pull the ram (58) reanwardly. Thus, 
reciprocation of the ram (58), beatpiece (64) and tool or 
bit (68) is Immediately arrested when the tool or bit (68) 
is removed from the workpiece. 
[0031] The vibration damping and spindle cooling ar- 
rangement according to the present invention compris- 
es a cylindrical mass (70) which is supported co-axially 
around the spindle (40) on two guide rings (72a, 72b), 
one of which Is shown in more details In Figures 4a to 
5b so that a small annular gap is formed between the 
radially inward facing surface of the mass (70) and the 
radially outward facing surface of the spindle (40). The 
radially inward facing surface of each guide ring (72) Is 
formed with five of axlally aligned ribs (74). The ribs (74) 
fit slideably over the outer surface of the spindle (40) 
and provide a relatively low friction mounting for the 
guide rings (72) on the outer surface of the spindle (40). 
The spaces between the ribs (74) form channels 
through which air can flow. Each guide ring (72) has a 



thin annular portion (76) which extends towards and 
supports an end of the damping mass (70) and a thicker 
annular portion (78) which extends away from the damp- 
ing mass (70). A radially outwardly directed annular por- 
5 tlon (80) Is formed between the thin annular portion (76) 
and the thick annular portion (78). Thus, the radially in- 
ward facing surface at the front of the damping mass 
(70) Is supported on the radially outwardly facing sur- 
face of the thin (reanA^ard facing) annular portion (76) of 
the front guide ring (72a) and the radially Inward facing 
surface at the rear of the damping mass (70) is support- 
ed on the radially outwardly facing surface on the thin 
(fonward facing) annular portion (76) of the rear guide 
ring (72b). In this way the damping mass (70) is sup- 
ported, so that it is able to reciprocate back and forth 
along the spindle (40) in the annular space between the 
outer surface of the spindle (40) and the inner surface 
of the magnesium casing (42) with a small radial gap of 
between 0.5mm and the radial thickness of the damping 
mass (70) preferably of approximately 2mm, between 
the inner surface of the damping mass (70) and the outer 
surface of the spindle (40) and with a small radial gap a 
small radial gap of between 0.5mm and the radial thick- 
ness of the damping mass (70), preferably of approxi- 
mately 2mm, between the outer surface of the damping 
mass (70) and the inner surface of the magnesium cas- 
ing (42). 

[0032] A forward spring guide (82) which is shown In 
more detail In Figure 6a Is formed with an L-shaped ra- 
dial cross section with an annular radially Inwardly ex- 
tending fonward portion (84) and a reanwardly extending 
annular portion (86). The fonward end of the fonward 
spring guide (82) abuts a rearwardly facing internal 
shoulder (88) formed inside the magnesium casing (42) 
by the series of ribs (51) which also form the fonwardly 
facing shoulder (50). A fonward spring (90) Is supported 
between the fonA/ard spring guide (82) and the radially 
outwardly directed annular portion (80) of the fonA^ard 
ring guide (72a). A reanA^ard spring guide (92) which is 
shown in more detail In Figure 6b Is formed with an L- 
shaped radial cross section with an annular radially In- 
wardly extending rearward portion (94) and a forwardly 
extending annular portion (96). The reanA/ard end of the 
rear spring guide abuts a part of the gear casing (5) with- 
in which the spindle (40) is mounted. A reanA/ard spring 
(98) is supported between the rearward spring guide 
(92) and the reanward ring guide (72b). 
[0033] In this way the damping mass (70) is located 
between two springs (90, 98) which apply opposing bi- 
asing forces to the opposite sides of the mass. Accord- 
ingly, in a resting position the damping mass (70) is lo- 
cated at the point where the biasing forces from the two 
springs (90, 98) balance. 

[0034] The fan (14) on the end of the armature shaft 
(12) of the motor (2) is rotatingly driven when the motor 
(2) is actuated. When it is rotating the fan (1 4) draws air 
axlally Into it from the motor housing (5a) through a fan 
inlet (1 00) which is formed in the upper part of the motor 
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housing (5a). The air pulled into the fan is used for cool- 
ing the motor (2). The fan (14) expels air radially out- 
wardly. The air expelled fronn the fan Is used to cool the 
magnesium casing (42) and Is directed through a laby- 
rinth formed by various housing part over the outer sur- 
face of the gear casing (5) and over the outer surface of 
the magnesium casing (42) as shown by the arrows In 
Figure 2. An outer housing part (1 02) Is fitted to the front 
of the plastic housing (4) and extends around the mag- 
nesium casing (42) with an annular gap located between 
the Inner surface of the outer housing part (1 02) and the 
outer surface of the magnesium casing. The outer hous- 
ing part (1 02) Is formed with a plurality of air vents (1 04) 
through which air can escape. Thus, the air expelled 
from the fan (14) is directed into this annular gap be- 
tween the magnesium casing (42) and the outer housing 
part (1 02) and exits the outer housing part (1 02) via the 
air vents (1 04). This air that passes over the magnesium 
housing part (42) cools the magnesium housing part. 
[0035] The purpose of the damping mass (70) be- 
tween the springs (90, 98) is to compensate for vibra- 
tions of the hammer components so that the resulting 
vibrations transmitted to the handle of the hammer 
which have to be withstood by a user are minimised. 
The damping mass compensates for vibrations caused 
by the reciprocation of the ram (58) within the spindle 
(40), the reciprocation of the piston (38) and the parts 
driving the piston and the reverse impacts from the 
workpiece which pass through the tool or bit (68) via the 
beatplece (64) to the magnesium casing (42). To do this 
the momentum of the following components have to be 
taken Into account: 

momentum of the ram; 

momentum of the piston and all masses which are 
fixed to the piston; 

momentum of the housing parts and all masses 
fixed to the housing parts; 
momentum of the reverse impacts from the work- 
piece (le. of the beatplece); and 
momentum of the hand arm system, including the 
load applied by the operator when urging the bit or 
tool against a workpiece. 

[0036] Taking the above factors into account the mass 
of the damping mass (70) and the spring constants of 

the springs (90, 98) are optimised, for example, using 
computer modelling to achieve a minimum momentum 
of the housing at the beat frequency of the different re- 
ciprocating/vibrating components contained in the 
housing. 

[0037] In the arrangement shown In Figure 1 the vi- 
bration damping mass is made of brass and has a mass 
of just less than the mass of the ram, so that the com- 
bined mass of the damping mass (70), the guide rings 
(72) and the springs (90, 98) Is approximately equal to 
the mass of the ram. The springs are selected and ar- 
ranged so that the damping mass (70) oscillates with a 



frequency which matches the beat frequency of the oth- 
er components of the hammer. When the hammer Is op- 
erating, the mass (70) reciprocates at the beat frequen- 
cy of around 34Hz and 180° out of phase with the beat 

5 frequency of the other component parts within the ham- 
mer housing in order to minimise the amount of vibration 
which Is transmitted to the hammer housing. In order to 
do this the mass (70) Is mounted around the spindle (40) 
between two springs (90, 98) which act between the 

10 gear casing (5) (via the rear spring ring (92)) and the 
magnesium casing (42) (via the fonward spring ring (82)) 
which magnesium casing is rigidly fixed to the gear cas- 
ing (5). 

[0038] It should be noted that the travel of the damp- 
's ing mass (70), ie. the distance over which It recipro- 
cates, is also a factor and the greater the travel, the 
smaller the mass of the damping mass (70) needs to be 
in order to provide the required vibration damping. 
[0039] In addition, due to the small radial gaps be- 
20 tween the damping mass (70) and the spindle (40) and 
between the damping mass (70) and the magnesium 
casing (42), as the damping mass (70) reciprocates in 
the air filled chamber between the spindle (40) and mag- 
nesium casing (42) air turbulence Is created. It should 
25 be noted that air is free to move between the forward 
end of the front guide ring (72a) and the reanward end 
of the reanward guide ring (72b) through the gap be- 
tween the mass (70) and the spindle (40) via the spaces 
between the ribs (74) formed on the radially Inward fac- 
30 ing surfaces of the guide rings (72a, 72b). As the damp- 
ing mass (70) moves fonwardly increased air pressure 
is created in front of the mass (70) and reduced air pres- 
sure Is created to the rear of the mass which causes air 
in the chamber to move reanftfardly past the mass (70). 
35 Then as the damping mass (70) moves reanwardly in- 
creased air pressure is created to the rear of the mass 
(70) and reduced air pressure is created forward of the 
mass which causes air in the chamber to move forwardly 
past the mass (70). This air turbulence improves the 
40 heat transfer from the metal spindle (40) to the air In the 
chamber and from the air in the chamber to the magne- 
sium casing (42). This heat transfer is further improved 
due to the airflow over the magnesium casing (42) gen- 
erated by the fan (14) and described above. This pro- 
45 vides greatly Improved cooling of the hammer spindle 
(40). 

[0040] The oscillating damping mass (70), in the Fig- 
ures, displaces an air volume equivalent to its cross sec- 
tional area of 1 359mm2 multiplied by the stroke length 

50 of the mass, which is estimated to be 20mm, This results 
In an average (root mean square) speed for the damping 
mass (70) of 3m/s. The radial cross-sectional area of 
the sum of the air gaps between the mass (70) and the 
spindle (40) and the mass (70) and the magnesium cas- 

55 ing (42) is 770mm2. The speed of the air In the chamber 
pumped by the oscillation of the damping mass (70) is 
assumed equal to 3m/s multiplied by the ratio of the 
cross sectional areas of the mass and the gaps, ie. 
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1 359/770 and so is calculated to have an average speed 
(RMS) of 5.3m/s. The heat transfer coefficient between 
air and metallic parts is approximately 6.4 multiplied by 
speed of air flow, resulting In a heat transfer between 
the turbulent air within the chamber and the surrounding 
metal parts of 23.5W/K/m2. This approximately three 
times higher than the heat transfer that occurs under 
non-turbulent, free convection conditions. 
[0041 ] Due to the improved cooling of the spindle (40) 
which improves the cooling of the reciprocating and im- 
pacting components within the spindle the lifetime of a 
hammer according to the present invention is signifi- 
cantly improved. In particular, the seals (42, 60) sur- 
rounding the piston (38) and ram (58) respectively are 
much less prone to wear due to the reduction in operat- 
ing temperatures they are required to withstand when 
the present invention is utilised. 



Claims 

1 . A hand held electrically powered hammer, compris- 
ing a housing (4, 5) within which is located: 

a motor (2); 

a hollow spindle (40) within which is located for 
reciprocation therein a piston (38) and fonward- 
ly of the piston a ram (58); 
a metal casing (42) which encloses at least part 
of the spindle (40) so as to form an air filled 
chamber between the spindle and the casing, 
a hammer drive arrangement (30, 32, 34) which 
converts the rotary drive of the motor to a re- 
ciprocating drive to the piston; 
a tool holder body (66) located at the forward 
end of the spindle in which a tool or bit (68) may 
be releasabiy mounted for limited reciproca- 
tion; 

arranged such that the reciprocation of the pis- 
ton reciprocatingly drives the ram via a closed 
air cushion such that repeated impacts from the 
ram are transmitted to a tool or bit mounted in 
the tool holder body, characterised In that the 
hammer additionally comprises: 
a damping mass (70) which is located within the 
chamber which damping mass is connected to 
the hammer housing (4, 5) via at least one 
spring element (90, 98) so as to oscillate back 
and forth along the spindle to minimise the vi- 
bration of the hammer housing; and 
at least one spacer element (72a, b) for posi- 
tioning the damping mass (70) with respect to 
the spindle (40) and the metal casing (42) so 
that a small gap is present between the mass 
and the spindle and a small gap is present be- 
tween the mass and the casing such that oscil- 
lation of the damping mass within the chamber 
generates air turbulence within the chamber for 
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facilitating heat transfer from the spindle to the 
metal casing. 

2. A hammer according to claim 1 additionally com- 
5 prising a beatpiece (64) located for reciprocation 

between the ram (58) and a tool or bit (68) mounted 
within the tool holder body (66) for transferring im- 
pacts from the ram to a tool or bit mounted within 
the tool holder body. 

10 

3. A hammer according to claim 1 or claim 2 wherein 
the metal casing (42) encircles the spindle (40) and 
the damping mass (70) encircles the spindle and is 
concentric with the spindle. 

15 

4. A hammer according to any one of the preceding 
claims wherein the damping mass comprises a sin- 
gle piece cylinder (70). 

20 5. A hammer according to any one of the preceding 
claims wherein the damping mass (70) is connected 
to the hammer housing (4, 5) via two springs one 
(90) located fonvardly of the mass between the 
mass and a fonward housing part (42) and the other 

25 (98) located reanwardly of the mass between the 
mass and a reanvard housing part (5). 

6. A hammer according to any one of the preceding 
claims wherein the spring or each spring is a coil 

30 spring (90, 98) which encircles the spindle (40). 

7. A hammer according to any one of the preceding 
claims wherein the damping mass (70) is made from 
steel or brass. 

35 

8. A hammer according to any one of the preceding 
claims wherein the damping mass (70) and the 
spring or springs (90, 98) are arranged so that the 
mass oscillates back and forth along the spindle 

40 (40) out of phase with the beat frequency of the oth- 
er hammer parts. 

9. A hammer according to claim 8 wherein the damp- 
ing mass (70) oscillates approximately ISO"" out of 

^5 phase with the beat frequency of the other hammer 
parts. 

10. A hammer according to any one of the preceding 
claims wherein the air turbulence includes air flows 

50 between the damping mass (70) and the spindle 
(40) and air flows between the damping mass (70) 
and the metal casing (42). 

11. A hammer according to any one of the preceding 
55 claims wherein the or each spacer element is 

formed integrally with the damping mass (70). 

12. A hammer according to any one of the preceding 
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claims wherein the or each spacer element com- 
prises a guide arrangement (72) which is slideably 
mounted on the spindle (40). 

1 3. A hammer according to claim 1 2 wherein the damp- 
ing mass (70) is mounted on the guide arrangement 
(72) and each guide arrangement is shaped to fomn 
at least one channel between the damping mass 
and the spindle (40) through which air can flow. 

14. A hammer according to claim 1 2 or 1 3 in which the 
damping mass (70) and the metal casing (42) en- 
circle the spindle (40) and wherein the or each guide 
arrangement is a guide ring (72a, b). 

15. A hammer according to claim 14 when dependent 
on claim 13 wherein the channels are formed be- 
tween ribs (74) formed on the radially inward facing 
surface of the guide ring (72a. b). 

16. A hammer according to any one of the preceding 
claims additionally comprising a fan arrangement 
(1 4) for generating an airflow and a labyrinth formed 
by parts of the hammer housing (4, 5, 102) for di- 
recting the airflow over the outer surface of the met- 
al casing (42). 

17. A hammer according to claim 16 wherein the fan 
(14) Is rotatingly driven by the motor (2). 

1 8. A hammer according to claim 1 6 or claim 1 7 wherein 
the fan (1 4) generates an airflow which passes over 
the motor (2), through the fan and then through the 
labyrinth and over the metal casing (42) before be- 
ing exhausted from the hammer housing (102). 

19. A hammer according to any one of claim 16 to 18 
wherein the fan is a radial fan (14). 

20. A hammer according to any one of the preceding 
claims wherein the hammer drive arrangement 
comprises a crank arm arrangement (30, 32, 34). 

21. A hammer according to any one of the preceding 
claims wherein the hammer housing comprises an 
inner metal housing arrangement (5) in which the 
motor (2), hammer drive arrangement and spindle 
(40) are mounted and an outer plastic housing (4) 
rigidly fixed to the inner metal housing (5) which out- 
er housing comprises a handle (6). 

22. A hammer according to claim 21 wherein the metal 
casing (42) Is rigidly fixed to a fonward portion of the 
inner metal housing arrangement (5). 

23. A hammer according to claim 22 wherein the damp- 
ing mass (70) is connected to the hammer via a first 
fonward spring (90) which extends between the 
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mass and a part of the metal casing (42) and via a 
second reanA/ard spring (98) which extends be- 
tween the mass and a part of the metal housing ar- 
rangement (5). 

24. A hammer according to any one of the preceding 
claims wherein the air filled chamber between the 
spindle (40) and the casing (42) communicates with 
at least one other air space formed within the ham- 
mer. 
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